Abstract. TiO 2 nanomaterials with different dimensions(zero and one), sizes(20nm, 50nm and 100nm in diameter) and crystal structures(100% rutile, 100% anatase and combination of 20% rutile and 80% anatase) were confected to suspensions and ointment with varied concentrations and evaluated in animal model (Balb-c mouse). These mouse were divided into various groups randomly, with suspension intraperitoneally injected or ointment transdermally daubed. Heart, lung, liver and kidney were collected and prepared to HE sample after one week. Spectrophotometry was applied to study total antioxide capability and catalase activity of blood and tissues. It has been shown that all TiO 2 nanomaterial groups had no effect on lives' morphology and oxidative stress, with no obvious histopathological changes observed in heart, lung, liver and kidney, and these tissues presented no vacuolar degeneration, necrosis edema, engorgement and inflammation.
Introduction
The biosafety and biocompatibility of nanosize TiO 2 materials had been previously studied by both in vitro and in vivo tests [1] [2] [3] [4] . Compared with the previous work on in vivo biocompatibility study by rat model, the present work has the following novelties in experimental designs: (1) In the previous works, chronic pulmonary toxicity was the main topic, for example, with inhalation exposure to aerosol concentrations of 0.5, 2.0, 10mg/m 3 ultrafine TiO 2 particles for 6h/day, 5days/week, for 13 weeks [1] . The present study will focus on the acute toxicity with both the intraperitoneal injection and skin liniment administration ways. (2) For the previous TiO 2 material selection, generally only nanoparticles of different diameters had been considered, for example, with the 3nm and 20nm [2] , P25 [3] , 25nm, 80nm and 155nm [4] , whereas in the present study, various geometric sizes, dimensions and crystal structures of TiO 2 materials had been selected to be studied at the same testing condition. The present work makes a comprehensive comparison among these TiO 2 nanomaterials be possible.
Experimental
The TiO 2 nanoparticle material and their suspension preparation information of the present study had been described in detail in our recent work [5] . Furthermore, 15% P25 TiO 2 nanoparticles were mixed into vaseline and lanolin (these two components were 2:1) to produce external ointment and was also used in animal experiment.
Balb-c mice (provided by Beijing Experimental animals Center), male, aged 6-8 weeks and weighing 18-25g, were used in the experiment. Every six mice were in a group and were housed in stainless steel cages containing sterile paddy husk as bedding in ventilated animal rooms. They were acclimated in the controlled environment (temperature: 22±1°C; humidity: 60±10% and light: 12 h light/dark cycle) with free access to water and a commercial laboratory complete food. Mice were distribute into ten groups randomly, which are labeled as A (P25 TiO 2 ), B (rutile TiO 2 , 20nm), C (rutile TiO 2 , 50nm), D (rutile TiO 2 , 100nm), E (anatase TiO 2 , 10nm), F (anatase TiO 2 , 20nm), G (anatase TiO 2 , 100nm), H (TiO 2 nanotube), I (control) and J (TiO 2 ointment). In group A-H, every suspension was administered at a dose of 20mg/kg body weight intraperitoneally with same cubage. Injection dose was equal normal salts (NS) in group I. 0.2g ointment was daubed on ventral skin of mice in group J. All these treatments were given to the mice each time a day and lasted 7 days.
Necropsy was performed on all animals at the end of the study. Animals were fasted overnight prior to necropsy. All mice were killed by exsanguinations following pelltobarbitalum natricum anaesthesia. The blood was conserved by adding heparin. All animals were examined grossly. Tissues including liver, kidney, heart and lung were collected. Moiety fixed in a 10% formaldehyde solution and others were froze in -20°C. After fixation, tissues were routinely processed, embedded in paraffin, cut at a microtome setting of 5µm, mounted on glass slides, stained with hematoxylin and eosin and examined by light microscopy.
Oxygen stress level was evaluated with total anti-oxidation capability (T-AOC) and catalase (CAT) activity. T-AOC and CAT in both blood and tissues were measured by Detection Kit (provided by Nanjing Jiancheng Bioengineering Institute), following the instruction.
Results and discussion
The animals in all groups were in good condition. No overt toxic effects were observed. No mortality occurred during the study. There were no obvious changes observed in heart, lung, liver and kidney, and these tissues presented no histopathological changes such as vacuolar degeneration, necrosis edema, engorgement and inflammation, as shown typically in Fig.1-Fig.4 . There were no notable structural change among TiO 2 nanomaterials treated mice and the control. The present animal test results showed that the structure of primary organ (heart, lung, liver and kidney) of mouse had no change after nano TiO 2 process. This finding consists with Wang's study [4] , in which rats were intragastric gavaged with nano TiO 2 suspension (5mg/kg) for 2 weeks and there were no abnormal pathology changes in the heart, lung, testicle(ovary) and spleen tissues. Tables 1 and 2 listed the effect of nano TiO 2 materials on the level of T-AOC and CAT, respectively. It can be seen that the T-AOC and CAT levels of Group A-H and J were elevated compared to Group I. Furthermore, the effect of TiO 2 nanoparticles with same crystal structure was increased by the decrease of diameter. With the same diameter, the effect was ranked in the following sequence: anatase> rutile>nanotube> P25. The effect of P25 injected intraperitoneally was increased more than that of ointment. But there were no statistically significant difference among all experimental groups. From Tables 1 and 2 , it can conjectured that TiO 2 nanomaterials in lives can generate reactive oxygen spices (ROS) and induce lipid-peroxided reaction, which is the reason of the increase of T-AOC and CAT. Moreover, the result of animal experiment also showed nano TiO 2 materials can enter circulation system from multiple approaches, and then distribute to tissues and organs, which is in consistent with previous literature [6] . Meanwhile, TiO 2 nanomaterials can excrete from digestive system or urine, so there was no cumulative toxicity. This is the reason of histological observation results and consists with Wang's study [4] .
Additionally, there was definite relationship between nanomaterial administration and acute toxicity effect The present result proved intraperitoneal injection of nano TiO 2 was easily absorbed than that daubed on ventral skin. But the distribution has no difference between these two approaches.
Conclusions
TiO 2 nanomaterials with different dimension, size and crystal structures had no effect on lives' morphology and oxidative stress by the introduction of intraperitoneal injection or transdermal plaster. The animals in all groups were in good condition, with no overt toxic effects were observed and no mortality occurred during the study. Histopathologically, there were no obvious changes observed in heart, lung, liver and kidney, and these tissues presented no clinical histopathological changes as vacuolar degeneration, necrosis edema, engorgement and inflammation. Therefore, nano TiO 2 materials have excellent in vivo biocompatibility in a certain range of time and concentration.
